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Plant development: Making asymmetric flowers
Mark P. Running
The question of how positional information is assigned
in floral meristems is beginning to be answered, aided
recently by the cloning of a gene responsible for
conferring dorsal fate in Antirrhinum majus flowers.
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Flowers are very diverse, with a large range in the size,
number, color and morphology of the floral organs, differ-
ences that seem to reflect the adaptation of individual
species to their mechanism of pollination. The study of
the genetic basis of the generation of flower form has been
greatly aided by a handful of model plant species, includ-
ing Antirrhinum (Snapdragon), Arabidopsis and Petunia.
These studies have, for instance, identified some of the
genes that confer positional information in the floral
meristem, such as the flower homeotic genes, mutations in
which lead to the conversion of floral organs to types inap-
propriate for their position in the flower [1]. The
sequences of floral organ identity genes and their expres-
sion patterns are largely conserved in the flowering plants
examined to date, reflecting the nearly universal order of
flower organ type: sepals, petals, stamens and carpels,
from the outer whorl to the center [1].
Organ morphology, however, differs greatly between
species, and can even vary within a single flower. In
Antirrhinum, for instance, the two dorsal (upper or adaxial)
petals have larger lobes than the two lateral (side) petals,
which in turn have larger lobes than the ventral (abaxial)
petal. In addition, the lateral and ventral petals, but not
the dorsal petals, contain yellow areas, and hairs near the
base. Because of these morphological differences along
the dorsoventral axis, the flower has a single axis of
symmetry and is classified as irregular [2] (Fig. 1a).
Regular flowers, such as Arabidopsis, have two or more
axes of symmetry. 
Nothing is known about the mechanism of assigning
positional information along the dorsoventral axis of a
flower. Luo et al. [2] are the first to address this problem
using molecular genetics, with their recent study of the
Antirrhinum gene cycloidea (cyc). Plants mutant for cyc show
a partial conversion of organs to ventral fates: lateral petals
resemble the ventral petal, and dorsal petals are smaller
and less lobed. The cyc mutation, in combination with a
mutation in a second gene, dichotoma (dich), leads to a
complete conversion of all petals to ventral fates, resulting
in what is known as a peloric phenotype, a regular flower
with multiple axes of symmetry (Fig. 1b).
The cyc and dich mutations also affect the fates of the sepals
and stamens. In wild-type flowers, the two ventral stamens
are shorter than the two lateral stamens, and the dorsal
stamen is aborted to form a ‘staminode’ (Fig. 1a). The
stamen filaments also twist to orient all the anthers toward
the ventral direction. In peloric flowers, the dorsal stamens
fail to abort, all stamens have ventral identity and twisting
of the stamen filament does not occur (Fig. 1b). In a wild-
type flower, the dorsal sepal initiates later than the ventral
and lateral sepals; in peloric mutants, all of the sepals arise
about the same time, though the dorsal sepals are still
smaller [2]. A second effect of the cyc mutation is an
increase in floral organ number in mutant plants. Wild-type
flowers have five sepals, petals and stamens (including the
aborted dorsal stamen); peloric lines usually have six sepals,
petals and stamens, with no stamen abortion [2] (Fig. 1b).
The cloning of the cyc gene was facilitated by the use of an
allele generated by transposon insertion [2]. The cyc
sequence shows no homology to any gene of known func-
tion, but the encoded protein does contain sequences
resembling a bipartite nuclear localization signal. The
RNA expression pattern of the gene is more revealing: it is
restricted to dorsal regions of the developing flower,
where it presumably acts to promote a dorsal fate. Expres-
sion is first detectable in a small number of cells in the
dorsal part of the early stage 1 flower (stages defined as in
[3]), before dorsoventral asymmetry is visible. This
expression domain increases as the floral meristem
enlarges; by early stage 4, when the sepal primordia
become clearly visible, expression is detected in the dorsal
sepal, as well as dorsal regions of the floral meristem inte-
rior to the sepals, where the dorsal petals and stamen arise.
By stage 6, when all organ primordia are visible, expres-
sion is seen only in the developing dorsal petals and sta-
minode. Expression is maintained but becomes weaker in
more mature flowers [2].
This expression pattern is consistent with at least two
roles for cyc. The early expression in the dorsal portion of
the flower primordium seems to control the number of
sepals that initiate on the dorsal side, as well as their
growth rate, as cyc mutants have an extra sepal and acceler-
ated growth in the dorsal part of the first whorl. These two
effects may be interrelated: increased floral meristem size
at the time of organ initiation has been correlated with
increased organ number in several mutants of Arabidopsis
[4]. The late expression in the dorsal petals and staminode
might be responsible for the distinctive dorsal petal mor-
phology, including the generation of petal lobes and the
growth retardation of the dorsal stamen primordium. 
The expression pattern does not, however, explain the
effects of cyc on the lateral petals and stamens, where the
transcript was not detected. Two possibilities are that the
cyc transcript is present in these regions but in amounts
below the level of detection, or that the cyc gene acts non-
autonomously to promote lateral fates [2]. That the cyc
gene affects two types of organ oppositely — increasing
cell division in the dorsal petals while decreasing cell divi-
sion in the dorsal stamen — suggests that the activity of
cyc is dependent on other genes important in the provision
of positional information, such as the floral homeotic
genes that are responsible for floral organ identity [2].
According to the ‘ABC’ model [1], floral organ identity is
specified by the differential expression in each flower
whorl of three types of activity, A, B and C, which are pro-
vided by the products of the organ identity (homeotic)
genes. Thus, A activity alone specifies sepals in the first
whorl, A and B together specify petals in the second
whorl, B and C together specify stamens in the third
whorl, and C alone specifies carpels in the fourth whorl. In
Antirrhinum, C activity is conferred by the plena gene, and
B activity requires both deficiens and globosa (no Antir-
rhinum A function gene has yet been reported, though
other flowering plants are known to contain A function
genes). A activity negatively regulates C activity, and vice
versa. In plants with loss-of-function plena alleles, A activ-
ity is present throughout the flower, leading to the conver-
sion of stamens to petals in the third whorl, and carpels to
sepals in the fourth whorl. In plants with gain-of-function
plena alleles, such as the ovulata allele, plena is ectopically
expressed throughout the flower, leading to the conver-
sion of sepals to carpels in the first whorl and petals to
stamens in the second whorl [5].
One model for cyc activity reflects its dependence on
homeotic gene expression (Fig. 1c). According to this
model, B function, in the absence of C function, acts in
combination with cyc to cause increased cell division in
floral organs, as seen by the larger lobes of the dorsal petals.
The addition of C function leads to the opposite effect: cyc
expression in combination with both B and C functions
leads to reduced cell division, reflected in the abortion of
the dorsal stamen. Tests of this model would include mis-
expressing the homeotic genes to see if the combinatorial
action holds in all regions of the flower. Indeed, in ovulata
mutants, in which all petals are converted to stamens, the
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Figure 1
(a) The arrangement of the organs in a wild-type Antirrhinum flower.
The diagram is oriented with the stem at the top. Key: br, bract; se,
sepal; dp, dorsal petal; lp, lateral petal; vp, ventral petal; ls, lateral
stamen; vs, ventral stamen; sd, staminode; gy, gynoecium. (b) A
peloric Antirrhinum flower, like those produced by cyc dich double
mutants. In these flowers, organs are converted to ventral fates, extra
organs are produced, and there is no stamen rotation or stamen
abortion. (c) The extent of cyc expression (shaded area) during flower
development. Where cyc is expression in combination with the B
function homeotic genes but no C function homeotic genes (pink
area), there is increased cell division and petal lobe growth; where is
cyc is expressed in combination with both B and C function homeotic
genes (yellow area), there is decreased cell division and stamen
growth retardation. (See text for details.)
two dorsal second whorl organs abort, whereas in wild-type
plants the organs that arise in these positions are enlarged
[5]. That cyc is responsible for this is shown in ovulata cyc
double mutants, in which these stamens fail to abort [6].
Thus, the role cyc plays is dependent on the expression of
the plena gene.
What other genes might be involved in determination of
dorsoventral asymmetry in Antirrhinum? Another mutation,
centroradialis, leads to the conversion of the shoot meris-
tem to a floral meristem, which produces a regular sym-
metrical terminal flower with all organs resembling ventral
organs [7]. All flowers produced before the terminal one
are irregular, as in wild-type plants. The peloric terminal
flower might result from the failure to activate cyc — but
not most other flower genes — in the terminal flower
meristem. If this were true, it would indicate that the acti-
vation of cyc is different from the activation of other flower
genes, such as the homeotic genes. 
The dich mutation, which enhances the cyc mutant phen-
otype, also shows an effect on asymmetry on its own,
similar to, but not as severe as, the phenotype of the cyc
single mutant. Interestingly, the dich gene is similar to cyc
in sequence and expression pattern, indicating possible
partial functional redundancy [2]. Mutations in the radialis
gene also result in the partial conversion of dorsal and
lateral petals to lateral and ventral fates, respectively;
mutations in the divaricata gene have the opposite effect,
in that the ventral petal resembles lateral petals of wild-
type flowers [8]. It will be interesting to uncover how
these genes interact with each other and with cyc to estab-
lish dorsoventral asymmetry. 
Another important issue is the role that cyc has played in the
evolution of floral form or organ number in other flowering
plant species. Dorsoventral asymmetry seems to have arisen
independently at multiple times from radially symmetric
ancestors, and cyc may or may not have been involved in
this process in different groups [8]. It is possible, however,
that subtle dorsoventral asymmetry is present in many plant
species, and was later exaggerated in certain groups. In Ara-
bidopsis flowers, traditionally classified as regular, there is
actually notable asymmetry in the sepals: the ventral sepal
is larger, arises before the dorsal and lateral sepals, and
grows to overlie the dorsal sepal during development [9]. At
least three Arabidopsis ‘expressed sequence tags’ (ESTs)
have been found that show similarity to cyc [2], raising the
possibility that this dorsoventral asymmetry in Arabidopsis
sepals might also be controlled by cyc. More dramatic
dorsoventral asymmetry, as seen in Antirrhinum, might have
evolved by changes in functions of genes downstream of
the homeotic genes and cyc. 
One mutation in Arabidopsis, in the PERIANTHIA (PAN)
gene, causes a similar change in organ number as mutations
in cyc: most pan flowers have five organs in each of the
first three whorls, instead of the wild-type situation of
four organs in the first two whorls and six in the third.
This change in organ number, however, is not correlated
with a change in dorsoventral asymmetry; the organs
retain their positional identity around the whorl in pan
mutants [10]. The study of the role of cyc genes in other
species should lead to interesting insights into the evolu-
tion of floral patterning. 
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